To evaluate the benefit of second-line chemotherapy with platinum-based treatment in patients with recurrent small cell lung cancer (SCLC). Patients and methods: A total of 535 patients continued with follow-up or best supportive care if needed, and 229 patients who progressed after the completion of first-line chemotherapy were treated with second-line chemotherapy at the time of progression. In total, 103/229 patients received paclitaxel 190 mg/m 2 and carboplatin 5.5 area under the curve while 126/229 patients received etoposide 200 mg/m 2 and carboplatin 5.5 area under the curve every 28 days. Results: Patients administered second-line chemotherapy lived significantly longer, with a median survival of 422 days compared to 228 days in patients with best supportive care alone (P,0.001). Patients who received paclitaxel as second-line chemotherapy lived for an average of 462 days (95% confidence interval: 409-514), versus 405 days in the etoposide group (95% confidence interval: 371-438), which was not statistically significant (P=0.086). The overall response rate was 8% for the paclitaxel group and 6% for the etoposide group. Patients with progression of the disease in more than 3 months had significantly better survival compared with those that progressed in less than 3 months (P,0.001). Conclusion: Continuation with carboplatin/paclitaxel or carboplatin/etoposide as second-line chemotherapy has no significant survival impact, and it did not improve response rates.
Introduction
Small cell lung cancer (SCLC) is one of the leading causes of cancer-related deaths worldwide, and despite recent advances in management strategies, improvements in survival have been small. Prognosis in SCLC remains poor, with 5-year survival rates for limited disease (LD) and extensive disease (ED) of around 10% and 2%, respectively. 1, 2 This reflects the fact that, although SCLC is initially a chemosensitive disease (with response rates [RRs] to first-line treatment on the order of 70%-90% in LD and 50%-60% in ED), 3 relapse is a major problem. The majority of patients relapse (∼80% of LD patients and almost all ED patients), and this most commonly occurs within the first year after initial treatment. 4 If they relapse within 90 days of treatment, they are called chemotherapy-resistant, as opposed to chemotherapy-sensitive patients, who relapse after this time. Patients who are chemotherapy-resistant tend to have poor overall survival (OS), with an RR to additional chemotherapy of around 10% or less; however, for chemosensitive patients, this rate can be up to 25%. 5 To date, there are only a few systematic data available regarding the efficacy and toxicity of subsequent chemotherapy. Topotecan is currently the only drug licensed Zarogoulidis et al in Europe and in the US for the treatment of relapsed SCLC when retreatment with the first-line agent is not appropriate, while another drug, amrubicin, is approved for use only in Japan. 6, 7 Various alternative drug combinations have been assessed in Phase II trials. Taxanes have very good RRs in many cancers, even when used as second-line or third-line treatment. More specifically, paclitaxel is a promising single agent in chemorefractory SCLC patients, but the drug has had a high incidence of febrile neutropenia, as evident in Phase II studies. [8] [9] [10] Moreover, the combination of carboplatin and paclitaxel showed an RR of 73.5%, with two patients achieving complete response (CR) in a Phase II study involving 35 SCLC patients who were refractory to cyclophosphamide, doxorubicin, and etoposide therapy. 11 The aim of this retrospective study is, therefore, to present the results of a large, unselected, and contemporary patient population with LD and ED SCLC treated at our institution over a 10-year period. Specifically, the objective is to examine the benefit of platinum-based chemotherapy in the second-line treatment setting following induction chemotherapy with platinum analogs.
Patients and methods
For each patient with SCLC, who was found by a search in our patient data system between January 2000 and January 2010, every single electronic report was reviewed. Every patient underwent a diagnostic workup including a computed tomography (CT) of the thorax and upper abdomen, CT or magnetic resonance imaging of the brain, bronchoscopy, and a bone scan. Restaging was done by repeating the same examinations. We collected data on age, disease stage, date of initial diagnosis, last observation and survival, performance status (PS), metastatic sites, type and number of courses of first-line and subsequent lines of chemotherapy, key hematological and nonhematological toxicities, result/benefit of first-line chemotherapy (CR, partial response, stable disease, and progressive disease), and result/benefit of second and subsequent lines of chemotherapy. Time to tumor progression (TTP) was assessed after each line of chemotherapy. Both the site of relapse and PS before the start of the second-line therapy were analyzed. Overall, the patients had a good PS (30% had 0 PS; 70% had 1 PS). Data on prophylactic and palliative radiotherapy were additionally retrieved. We used the US Veterans Administration Lung Study Group criteria to define LD and ED SCLC. 5 Patients with progression of the disease within up to 3 months were given a new line of chemotherapy, while patients with a time to progression of 3 months or longer were given reinduction therapy. First-line therapy consisted of either carboplatin (area under the curve 5.5 intravenously [IV] on day 1) and etoposide (100 mg/m 2 IV on days 1-3), or carboplatin (area under the curve 5.5 IV day 1) and paclitaxel was added at a dose of 190 mg/m 2 IV on day 1. All regimens were given every 4 weeks. In the second-line setting, we employed the same regimens, depending on each patient's response to the initial treatment.
Results
From January 2000 to January 2010, 764 patients with newly diagnosed SCLC were identified. In all, 36% of the patients had LD and 64% had ED at the time of diagnosis. The median OS for all patients was 265 days. Patients' characteristics are shown in Table 1 .
Among 764 patients, 229 (30%) received second-line chemotherapy and 535 continued with best supportive care (BSC) treatment, and there was a great survival benefit for the second-line group compared with the BSC group (422 days versus 228 days; P,0.001) (Figure 1 ). The factors that affected our decision to not submit the remaining 535 patients (70%) to second-line chemotherapy are presented in Table 2 . Table 3 presents the OS and TTP in days among patients that were divided according to the stage of their disease (LD or ED).
If we measure survival for patients who received secondline therapy from the first time to progression according to OS from TTP is not affected by patients' first-line regimen response (OR, SD, and PD; P.0.05). Survival from TTP according to the LD or ED stage is statistically significant for LD patients (P=0.001) and is shown in Figure 2 .
Moreover, patients with sensitive disease (progression within more than 3 months after the completion of six cycles of first-line chemotherapy), seem to live significantly longer (P=0.001) compared to patients who are resistant to chemotherapy and experienced progression of their disease in less than 3 months after the completion of six cycles of first-line chemotherapy. The median OS for sensitive and resistant patients in LD and ED from TTP is shown in Table 4 .
Among 229 patients with second-line treatment, 103 received paclitaxel and carboplatin, and 126 received etoposide and carboplatin (ECb) as second-line therapy. (Figure 3 ). The overall RR (ORR) was 8% for paclitaxel group and 6% for the etoposide group. Among 103 patients who received paclitaxelcarboplatin as second-line chemotherapy, 85 patients received the same agents as first-line treatment with an initial RR of 47%.
Patients who experienced progression of the disease within 3 months after the completion of the first-line chemotherapy received the same regimens as in second-line chemotherapy: 20 patients received ECb, and 36 patients received paclitaxel and carboplatin at the initial doses. Statistical analyses did not show differences in survival rates (522 days and 647 days, respectively; P=0.071) and TTP (121 days and 128 days, respectively; P.0.05).
Toxicity
Among grade 3-4 toxicity, the mostly commonly encountered grade 3-4 toxicities were neutropenia (12% in LD and 16% in ED) and anemia (9% in LD and 11% in ED). There were no treatment-related deaths. The most frequent nonhematological toxicity was fatigue, which occurred in 37% of patients. The second most common nonhematological toxicity was anorexia, occurring in 33% of patients. All other hematological and nonhematological toxicities were relatively infrequent and tolerable (Table 5 ).
Discussion
The National Comprehensive Cancer Network practice guidelines for the first-line treatment of SCLC named the etoposidecisplatin (EC) regimen as the treatment of choice to be used concurrently with radiotherapy. 12, 23 The treatment of the LD-SCLC patients, who experienced significant tumor regression, was followed by prophylactic cranial irradiation. The EC combination is also frequently used in patients with ED-SCLC.
On the other hand, the RR of ECb combination is around 60% with a median survival of 8-9 months. In a small study, the ECb and EC combinations were compared, and the Survival functions 
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second-line chemotherapy in sclc researchers reported the equivalence of the two treatments, although ECb was found to be less toxic. 13 A number of studies with paclitaxel as monotherapy or as part of combination regimens have been evaluated with inconsistent results in first-and second-line treatment. 14, 15 In our study, a statistically significant increase in OS was observed in patients receiving second-line chemotherapy when compared to those receiving only first-line chemotherapy followed by BSC (median OS: 14 months versus 7.6 months; P=0.001). The response to second-line treatment (median survival for OR patients: 8.4 months; SD patients: 6.4 months; and PD patients: 4.3 months; P=0.001), the extent of the disease (LD versus ED; P=0.001), and the sensitivity to first-line treatment (progression ,3 months versus .3 months; P=0.029) of the patients who received second-line chemotherapy played a significant role in OS (Figure 4) . However, there was no statistical difference observed in the TTP and OS between patients treated with either the paclitaxel-carboplatin or ECb combinations as second-line treatment (Figure 1) .
The ORR in the second-line setting was very low (7% overall; for patients on paclitaxel-carboplatin treatment, it was 8%, and for ECb treatment, it was 6%) compared with ORR of 7%-73% observed in other previously reported studies. 16, 25, 26 On the other hand, the stability of the disease (46%) and the OS for LD (median OS: 260 days/8.6 months, for sensitive 297 days/9.9 months, resistant 155 days/5 months) and ED (median OS: 212 days/7 months, sensitive 267 days/8.9 months, resistant 146 days/4.9 months) were similar to those found in other investigational studies. 16, 25, 26 An explanation for these findings is that patients were treated in one pulmonary department where the criteria of OR were more strict; standard procedures involved taking at least a 
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Zarogoulidis et al second look using bronchoscopy in patients with CR in CT imaging. Another possible explanation is that there were frequent reevaluations of patients using X-rays or CT scans. Sundstrøm et al, 17 Kim et al, 18 and Agelaki et al, 19 reported that PS at the time of disease recurrence was a significant prognostic factor that also influenced the progression-free survival and OS. In our study, all of the patients had a good PS (30% had 0 PS; 70% had 1 PS); thus, the importance of the PS was not significant. However, in our analysis of the PS, the level of sensitivity in the first-line treatment and the extent of the disease at the time when the second-line treatment started should be considered as essential factors for the increase in OS.
Although our results are derived from a monoinstitutional retrospective analysis, this limitation provides homogeneity of the patients' characteristics, their evaluation, and their management. The diagnosis and staging of the patients were performed with modern techniques. Patients on first-line and second-line chemotherapy treatments were treated with modern platinum-based combinations and with the same therapeutic philosophy, as far as time of radiotherapy and prophylactic cranial irradiation were concerned. Thus, we believe that this homogeneity led to safer results regarding the utility of the second-line chemotherapy in patients with SCLC who either relapsed or progressed during the first-line therapy. There was no significant statistical difference in sensitive patients treated with either reinduction of the first-line chemotherapy in the second-line, or when a different (platinum-based) combination was introduced. The combination of paclitaxel-carboplatin was equally effective when administered as a second-line therapy, indifferent to whether first-line treatment was paclitaxel-carboplatin or etoposide-carboplatin.
Another limitation of our study is the imbalance observed between the sexes (males to females). This may be due to the fact that smoking in Greece was adapted by females much later than in the rest of the European countries, and they also exhibit different lifestyles (nutrition, working conditions, living conditions). 20 After first-line chemotherapy, almost all SCLC patients that experienced disease relapse had a poor life expectancy (2-3 months) without second-line treatment. 21 As a result, the majority of these patients become candidates for secondline therapy. The evidence for the clinical benefit of secondline treatment in SCLC is limited. Unfortunately, large trials that compared BSC alone to second-line treatment (also called salvage chemotherapy) in SCLC are rare in the literature when compared to the findings available regarding non-SCLC. 21 In a meta-analysis that included two randomized clinical trials conducted with a total of 531 patients, second-line chemotherapy was compared with BSC or placebo in patients with ED-SCLC at relapse or progression. 22 Patients were randomized to receive either methotrexate-doxorubicin versus BSC or oral topotecan versus BSC. The ORR in the methotrexate-doxorubicin group was 22.3%, and 7% with topotecan. Toxicity was worse in the chemotherapy group. Topotecan has been shown to be superior as monotherapy when compared to supportive care alone (OS: 26 weeks versus 14 weeks; P=0.010). 22, 23 Another multicenter study randomized 211 sensitive SCLC patients who relapsed after front-line chemotherapy with etoposide-platinum, and these patients were randomized to receive a combination of cyclophosphamide, doxorubicin, and vincristine (CAV) or topotecan. Similar antitumor activity was observed between CAV and topotecan in terms of RR, OS, and progression-free survival in the second-line setting. 24 In addition, oral topotecan appears to be equivalent to the IV form. 25 As a result, CAV and topotecan can be prescribed as second-line treatments for SCLC patients.
However, CAV showed modest activity with a low RR (#10%-28%) in SCLC among progressed or relapsed patients initially treated with an EC combination. [26] [27] [28] Taking into account that in North America and Europe the combination of EC or ECb is the cornerstone of SCLC treatment, it is unclear whether paclitaxel and carboplatin would have the same level of activity as a second-line treatment.
Conclusion
In our study, we explored the impact of paclitaxelcarboplatin as a second-line treatment following frontline treatment with a platinum-based regimen (either ECb or a paclitaxel-carboplatin combination) on the patients' OS and RR in SCLC. At the end of the day, more prospective studies are needed to evaluate the role of second-line therapy regarding the choice of the most appropriate therapeutic combinations and the most appropriate prognostic and predictive factors (for example, sensitivity, PS, initial response to chemotherapy, extent of the disease, biological markers, age of the patients, and so on).
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